(Zea mays L.) hybrids differed markedly in yield response to N fertilization has stimulated interest in the N response characteristics of widely-grown hybrids in various production areas. However, little information is available on the importance of adjusting N application rates to improve yield or N fertilizer efficiency with specific hybrids. This study was conducted to determine if major differences in yield response to N fertilization exist among widely-grown hybrids in the northern Corn Belt, and to evaluate potential differences in N response characteristics among these hybrids. Experiments were conducted on a Plano silt loam (Typic Argiudoll) in southern Wisconsin using a split-plot treatment arrangement. Corn had been grown on the experimental sites since 1981. In 1985, subplot treatments were five 105-to 110-day relative maturity (RM) hybrids (Pioneer 3747 and 3732, Mol7 x A634, A632 x LH38, and LH74xLH51). The same five hybrids plus two 95-to 100-day RM hybrids (Pioneer 3906 and 3737) were evaluated in 1986. Main plot treatments in both years were N rates of 0, 70,140, and 210 Ib N/acre broadcast applied as ",NOs before planting. In both years, grain yields varied with N rate and hybrid, but similar N rates were needed to maximize yields of the hybrids studied. was similar for the hybrids studied. We conclude that the N fertilizer requirements of the hybrids evaluated in this study are similar and that yields of these hybrids will likely be maximized with currently recommended N rates.
N accumulated at midsilk is not a consistent hybrid characteristic and is likely influenced by annual climatic variability. Nitrogen utilization efficiency (grain produced per pound of N uptake) was similar for the hybrids studied. We conclude that the N fertilizer requirements of the hybrids evaluated in this study are similar and that yields of these hybrids will likely be maximized with currently recommended N rates.
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NTEREST in differences among corn hybrids in their I grain yield response to N fertilization has been stimulated by recent research to evaluate N response characteristics of several hybrids (Tsai et al., 1984) . This work has attracted the attention of agronomists and corn producers because it suggests that significant improvements in N fertilizer efficiency and corn yield are Published in J. Prod. Agric. 1:99-104 (1988). possible if fertilizer N is applied to individual hybrids at the rates needed to provide the N requirements of each hybrid. In their work, Tsai et al. (1984) identified three hybrids that differed markedly in their yield response to N fertilization. Yield of Pioneer 3732 was maximized by application of 60 lb/acre and produced substantially higher yields than Pioneer 3732. A third hybrid (B14xOh43) was intermediate in both response to N fertilization and grain yield. Tsai et al. (1984) concluded that these differences among hybrids in yield response to applied N were related to hybrid differences in: 1) ability to take up additional N after the midsilk stage, 2) rate and duration of grain fill, and 3) rate of zein protein synthesis in the kernel at various N rates. Subsequent research in Indiana (Mackay and Barber, 1986) showed that root growth of B73 x Mol7 was increased by N fertilization while applied N had no effect on root growth of Pioneer 3732. This work suggests that the greater root growth and continuation of root growth after midsilk observed with B73 x Mol7 could contribute to the N response differences observed between this hybrid and Pioneer 3732. In a study to evaluate the response of six corn hybrids to irrigation and N rate variables in Nebraska, Hatlitligil et al. (1984) also found that B73 x Mol7 produced higher grain yields and greater root mass than other hybrids. However, differences among hybrids in grain yield response to N fertilization were not detected in this work.
Research to date with a limited number of hybrids in the central Corn Belt has not provided information on the importance of adjusting N application rates to maximize yield and N fertilizer efficiency with specific hybrids in northern corn production areas. Additional research is needed to determine if major differences in response to N fertilization exist among widely-grown hybrids in the relative maturity range appropriate for the northern Corn Belt. The objectives of this research were: 1) to determine if major differences in yield response to N fertilization exist among several corn hybrids widely grown in southern Wisconsin, and 2) to evaluate potential differences among these hybrids in N uptake, timing of N uptake, and N utilization efficiency that could contribute to differences in yield response to N fertilization.
MATERIALS AND METHODS
Field experiments to evaluate potential differences in yield response to N fertilization among corn hybrids were conducted on a Plano silt loam (fine-silty, mixed, mesic Typic Argiudoll) at the University of Wisconsin Research Station at Arlington, WI, during 1985 and 1986 . Experimental conditions and procedures are summarized in Table 1 . The 1985 and 1986 experiments were conducted on separate but adjacent sites, where corn had been grown each year since 1981. Corn was grown without fertilizer N at each site during the year prior to use in these experiments to minimize the potential effects of residual profile NO3-N on crop response to N treatments. Soil samples were taken to a depth of 3 ft each spring before application of N treatments to determine profile NO3-N content. Before analysis, these soil samples were dried in a forced-draft dryer at 80°F and ground to pass a 0.08-in. screen. Nitrate-N in the soil samples was determined by automated analysis (Technicon Instrument Crop., 1977) of 2 M KCl extracts (Bremner and Keeney, 1966) . Routine soil tests for pH, organic matter content, available P, and exchangeable K ( Table 1) were performed as described by Liegel et al. (1980) on surface (0-to 8-inch) soil samples obtained before planting each year.
A randomized complete block design in a split-plot arrangement with four replicates was used in each experiment. Main plot treatments consisted of N fertilizer rates (0, 70, 140, 210 consisted of seven hybrids, including the five used in 1985 plus two 95-to 100-day RM hybrids [Pioneer 3906 (P3906) and Pioneer 3737 (P3737)I.
Corn hybrids were planted in late April at a seeding rate of 37 OOO seeddacre, and the stand was hand-thinned to a density of 25 000 to 27 000 planWacre after emergence. Starter fertilizer (150 lb/acre of 6-24-24) was applied in a 2-in. by 2-in. placement relative to the seed at planting. Conventional herbicide and soil insecticide applications were used to control weeds and insects. Individual plots were 10 ft wide (four 30-in. rows) and 30 ft long. Ten plants were hand-harvested from each plot at midsilk (border rows) and at physiological maturity (center two rows) to determine hybrid and N rate effects on total N uptake at these stages of plant development. Midsilk plant harvests were made for each hybrid when silk emergence was detected on approximately 50% of the plants. Plant samples harvested at midsilk and physiological maturity were weighed, chopped, and subsampled for subsequent dry matter and total N determinations.
Before grain harvest, plant counts were made in each plot to determine the final harvest population. Grain yields were determined by machine harvest of 60 ft of row (center two rows) in each plot. Yields were adjusted to include grain removed in plant samples taken at physiological maturity. Subsamples of grain from each plot were retained for subsequent grain moisture and total N determinations. Grain yields are reported at 15.5% moisture.
Total N concentrations in plant tissue and grain were determined as described by Nelson and Sommers (1973) . Before analysis, plant and grain samples were dried at 160 O F and ground to pass a 0.04-in. screen. Nitrogen uptake at midsilk, physiological maturity, and in grain was calculated from plant tissue or grain N concentrations and the corresponding dry matter yields. The percentage of total N uptake at the midsilk stage of plant development was calculated from plant N uptake data obtained at midsilk and physiological maturity. Measurements of total N uptake at physiological maturity and grain yield data were used to evaluate treatment effects on nitrogen utilization efficiency (grain yield, lb/acre + total N uptake, lb/acre).
Data were subjected to an analysis of variance, and N rate main effects and interactions were partitioned into linear and quadratic components (SAS Institute, Inc., 1982). Significant differences among hybrid treatment means and N x hybrid interactions were evaluated using a protected least significant difference (LSD) test.
RESULTS AND DISCUSSION
Analyses of variance for the 1985 and 1986 hybrid N response experiments are shown in Table 2 . In both years, grain yield was significantly affected by N rate and hybrid, but the interactions between N rate and hybrid were not significant. The significant quadratic response to N rate in 1985 (Table 2) is reflected in the N treatment t NUE = N utilization efficiency (grain yield, lblacre + total N uptake, lb/acre).
means shown for the 1985 experiment in Table 3 . These means show that yields increased through the 140 lb N/acre rate, but no additional response occurred with the 210 lb N/acre rate. This result and the absence of a significant N x hybrid interaction indicates that, although yields varied among hybrids, similar N rates were needed to maximize yields of the hybrids evaluated.
As shown in Table 3 , four of the five hybrids studied in 1985 reached maximum or near-maximum yield at the 140 Ib N/acre rate. Yield of LH74 x LH51 was maximized at the 70 lb N/acre rate in 1985, but this hybrid responded to higher N rates in 1986. In general, hybrids responded to higher N rates in 1986 than in 1985, probably due to the higher yields produced in 1986 ( Table 3) . The significant linear response to applied N (Table 2) and the 1986 N treatment means in Table 3 show that yields increased through the highest N rate (210 Ib Niacre). A quadratic response to N rate, significant at the 0.06 probability level, also occurred in 1986 (Table 2 ). This response is consistent with the smaller mean yield increases obtained as N rates were increased (Table 3) . In 1986, two hybrids (P3747 and A632 x LH38)
reached maximum yields with 140 lb Nlacre. Yields with the remaining hybrids were increased by 5 to 20 bu/acre when the N rate was increased from 140 to 210 lb N/acre.
These differences in hybrid response to N rates are small relative to those observed by Tsai et al. (1984) , and the absence of a significant N x hybrid interaction (Table 2) indicates that they are not statistically significant. Our results (Tables 2 and 3) , showing that similar N rates were needed to maximize yields of the hybrids evaluated, are in agreement with those of Hatlitligil et al. (1984) , who also found similar yield responses to N fertilization among six hybrids in a Nebraska study.
To evaluate the possibility that RM differences between P3732 and B73 x Mol7 contributed to the hybrid N response differences detected by Tsai et al. (1984), two 95-to 100-day RM hybrids (P3906 and P3737) were included in the 1986 experiment. Although the RM difference between P3906 and 1 10-day RM hybrids such as LH74 x LH5 1 approached the RM difference between P3732 and B73 x Mo17, the N rates needed to maximize yield of the 95-to 100-day RM hybrids and the 110-day RM hybrids were similar in our work ( Table 3) . Dif- were used in our work ( These results indicate that, under similar growing conditions, yields of the hybrids evaluated in this study are likely to be maximized at the N rates specified in current Wisconsin recommendations. Total N uptake and N uptake in grain were significantly infuenced by hybrid and N rate in 1985 and 1986 ( Table  2) . Significant linear or quadratic responses to N rate occurred with both N uptake parameters in both years. The nature of these responses is illustrated by the N treatment means in Table 4 . In 1985, total N uptake increased with increasing N rate through 210 Ib N/acre, while in 1986, N uptake did not increase beyond the 140 Ib N/acre rate. The high total N uptake and grain yield with no applied N (Tables 3 and 4) and the low initial profile NO,-N levels (Table 1) suggest that substantial amounts of available N were supplied through mineralization of soil organic matter during the growing season. Grain N uptake increased through the highest N rate (210 Ib N/acre) in both years. Total N uptake differences among hybrid means (Table 4) were due to higher N uptake values found with P3747 and LH74xLH51 relative to other hybrids. In 1985, total N uptake with LH74x LH51 was significantly higher than with the remaining four hybrids, and in 1986, N uptake with LH74x LH51 was significantly greater than with four of the other hybrids evaluated. Total N uptake with P3747 was significantly higher than P3732 in 1985 and higher than P3906 in 1986. The higher total N uptake with LH74 x LH5l did not result in higher grain N uptake with this hybrid in either year. In 1985, the highest grain N uptake occurred with P3747 and Mol7 x A634, while the highest mean grain N uptake values in 1986 were obtained with P3737 and P3747.
Significant N x hybrid interactions for total N uptake in both years and for grain N uptake in 1985 (Table 2) indicate that the effect of N rate on N uptake varied among hybrids. The N x hybrid interactions (Table 4) for total N uptake appear to be due to higher N uptake at the 140 and 210 lb N/acre rates with some hybrids.
This response pattern occurred with LH74 x LH51 in 1985, and with several hybrids in 1986. The significant N x hybrid interaction for grain N uptake in 1985 is likely due to differences in hybrid response at the two highest N rates. As shown in Table 4 , grain N uptake with several hybrids (P3747, P3732, LH74 x LH51) increased at all levels of applied N, while other hybrids (Mol7 x A632
and A632 x LH38) maximized grain N uptake at the 140 Ib N/acre rate.
The effects of hybrid and N rate on the percent of total N uptake accumulated at the midsilk growth stage is shown in Table 5 . In both years, hybrids differed significantly in the percent of total plant N accumulated by the midsilk stage, but N rate effects were not significant ( Table 2) . A significant treatment interaction occurred in 1985 but not in 1986, indicating that 1985 hybrid effects on percent N uptake at midsilk varied with N rate. Data obtained in 1985 and 1986 indicate that the percent of total N uptake accumulated at the midsilk stage varied substantially between years for most of the hybrids evaluated (Table 5) . If means for the five hybrids studied in both years are ranked within years according to decreasing percent of total N accumulation at midsilk, no similarity in the relative order of the hybrids is apparent. Mackay and Barber (1986) also noted that the percent of total plant N accumulated by midsilk in B73 X Mo 17 and P3732 ranged from 55 to 70% with no apparent differences between hybrids. In another growing season, at the same location, Tsai et al. (1984) found that P3732 contained 93% of its total N uptake at midsilk, while B73 x Mol7 had accumulated only 64% of its total N. Mackay and Barber (1986) attributed the differences in hybrid N accumulation between the two studies to severe moisture stress during the growing season in which their work was done. Differences in plant moisture stress between growing seasons may also have influenced hybrid N accumulation at midsilk in our work. In 1985, only 0.42 inch of rainfall occurred between 1 July and the midsilk growth stage (23 July). In contrast, near-optimum soil moisture was maintained by 2.92 inches of rainfall during the corresponding period (1 to 21 July) in 1986. Results from our work and that of Mackay and Barber (1986) suggest that percent of total N accumulation at midsilk may be a hybrid characteristic which is strongly influenced by annual variation in climatic conditions. Nitrogen utilization efficiency (NUE) was significantly affected by hybrid and N rate in 1985 and only by N rate in 1986 (Table 2 ). Significant linear responses to N rate and significant N x hybrid interactions were observed in both years. In general, NUE decreased with increasing N rates (Table 6 ). Lower mean NUE values are particularly apparent at the 210 Ib N/acre rate in 1985 and at the 140 and 210 Ib N/acre rates in 1986. Decreases in NUE with increasing N rates are anticipated, since higher available N levels are usually needed to maximize N uptake than to maximize grain yield (Olson et al., 1976) . Four of the five hybrids tested in 1985 did not differ significantly in NUE. Only LH74xLH51 was significantly lower in NUE than the remaining hybrids.
The NUE values obtained with the same five hybrids in 1986 were similar to the 1985 values, and all hybrids evaluated in 1986 did not differ significantly in NUE. Similar NUE values among the hybrids tested are consistent with the similar grain yield responses to N fertilization found with these hybrids (Table 3 ). Significant N x hybrid interactions in 1985 and 1986 (Table 6 ) appear to be due to variation in hybrid response to individual N treatments that resulted in frequent changes in the relative order of hybrid NUE values as N rates were increased. In 1985, NUE values for LH74xLH51 decreased markedly at the 140 and 210 Ib N/acre rates relative to the remaining hybrids. These reductions in NUE are consistent with the increased total N uptake and absence of grain yield response observed with LH74 x LH51 at these N rates in 1985 (Tables 3 and 4 ). However, individual hybrids or groups of hybrids that showed obvious differences in NUE response to N fertilization in 1986 could not be identified.
SUMMARY
A 2-year study was conducted to evaluate N response characteristics of several corn hybrids widely grown in the northern Corn Belt. Grain yields varied among hybrids, but similar N rates were needed to maximize yields of the hybrids evaluated. Most hybrids reached maximum yield levels with 140 to 210 Ib N/acre. Nitrogen rates needed to maximize yields of the hybrids studied were in good agreement with current University of Wisconsin N recommendations for corn. Results from this work indicate that corn yield or N fertilizer efficiency are not likely to be improved by adjusting N application rates for individual corn hybrids.
The percentage of total N uptake accumulated at the midsilk stage varied among hybrids and years. Results obtained suggest that plant N accumulation at midsilk may not be a consistent hybrid characteristic and is probably influenced by climatic variability. Nitrogen utilization efficiency (grain produced per pound of N uptake) was relatively constant among the hybrids tested. This resujt is consistent with the similar grain yield responses to N fertilization found with these hybrids.
ERRATUM
In "Corn Hybrid Response to Nitrogen Fertilization in the Northern Corn Belt" by L.G. Bundy and P.R. Carter, J. Prod. Agric. 1:99-104, the fourth sentence in the introductory paragraph on page 99 should read "Yield of Pioneer 3732 was maximized by application of 60 Ib N/acre, while a second hybrid (B73 X Mol7) responded to more than 240 Ib N/acre and produced substantially higher yields than Pioneer 3732." A correction was made for the reprints. 
